Abstract
INTRODUCTION
Colorectal cancer (CRC) is the most common cancer worldwide. The estimated 5-year survival rate ranges from 90% in patients with stage 1 disease to 10% in those with metastatic CRC (mCRC). Approximately 20% of patients with primary CRC present with stage 4 metastatic disease. For many years, the standard treatment for patients with mCRC has been systemic chemotherapy with fluorouracil (FU) and combination therapy. The standard treatment remains 5-FU based. In the past five years, chemotherapy has progressed dramatically and shifted from FU to the newer agents irinotecan, oxaliplatin, bevacizumab, and cetuximab. Patients treated with oxaliplatin, 5-fluorouracil, and leucovorin (FOLFOX) displayed a median survival of 19.5 mo which is the longest survival reported in a phase 3 trial [1] . Data from this and other trials suggest that patient survival might be prolonged with adjuvant chemotherapy; therefore the role of surgical treatment in these patients is controversial.
In localized (non-metastatic) disease, surgery is the primary treatment and can be curative. On the other hand, surgical resection of the primary lesion for patients with mCRC is indicated mainly to manage symptoms such as obstruction, perforation, or bleeding, but is of uncertain benefit in the absence of these symptoms. Patient-dependent factors, such as age, medical comorbidity, extent of distant metastases, and localized invasion are among the factors that influence the decision to perform elective resection. The possible benefit of chemotherapy in conjunction with surgical management is unproven.
This study was designed to compare long-term survival and perioperative outcome in patients with incurable metastatic CRC treated with FOLFOX followed by either primary lesion resection, or palliative surgical management (colostomy or bypass).
MATERIALS AND METHODS

Patients
This retrospective, observational study was done using our hospital cancer database. From 2005 to 2009, all patients who underwent systemic treatment with FOLFOX for CRC at our hospital were identified and reviewed. Patients with non-resectable CRC at the time of diagnosis or operation were included in the study. Patients were excluded if they had metachronous metastasis from previous completely resected CRC, or they could not undergo any operation due to severe comorbidity, progression of cancer, or unwillingness to accept surgery. The remaining patients were stratified into two groups. In addition to chemotherapy, patients undergoing resection of their primary lesion were included in the primary site resection group, whereas those who underwent a bypass or stoma operation without resection for relief of obstruction or bleeding were included in the palliative surgery group. Demographics, comorbidity, and cancer-specific information were evaluated for each patient, including tumor location, grade, lymph node metastasis, liver, lung and peritoneal metastasis, survival, and mortality. Comorbidity was graded using the Charlson index. The location and volume of metastatic disease were evaluated by computer tomography and by direct visualization during surgery. Each tumor stage was coded according to the TNM classification as described in the AJCC. Patients with hepatic metastatic disease were further classified according to the volume of hepatic parenchymal replacement: < 25% (H1), 25 to 50% (H2), and > 50% replacement (H3). Patients with pulmonary and peritoneal involvement were stratified according to the appearance of their CT scan's ( Table 1) .
The FOLFOX4 protocol of systemic chemotherapy is as follows: Leucovorin (LV; 200 mg/m 2 per day in a 2-h infusion), followed by bolus 5-FU (400 mg/m 2 per day), and 600 mg/m 2 5-FU daily in a 22-h infusion, day 1 and 2 every 2 wk, plus oxaliplatin, 85 mg/m 2 (2-h infusion) on day 1, were administered through an implantable port and a disposable or electronic pump. Treatment was continued until progressive disease occurred (PD) or unacceptable toxicity occurred, or until the patient chose to discontinue treatment.
Statistical analysis
The principal outcome was survival. Survival was defined as the time from initiation of treatment, either chemotherapy or surgical operation, to the time of death. For patients who were alive at the time of analysis, data on survival were censored at the time of the last contact. The primary statistical analysis compared survival times between the two groups. Secondary analysis was conducted by comparing subgroups after excluding T4 patients. The Kaplan-Meier method was used to estimate actual control and survival curves. The log-rank test was used to evaluate the survival difference between two groups. All the P values were 2-sided and the level of significance was set at 0.05. The statistical analysis was conducted using JMP version 6.
RESULTS
Patient characteristics
Between 2005 and 2009, 172 patients were treated with FOLFOX in our hospital. Of these, 98 patients had metastatic, locally advanced non-resectable CRC. Of these, 38 patients underwent initial resection of only their primary lesion without concomitant hepatic or pulmonary metastasectomy. Thirty-six patients did not undergo resection of their primary lesion, but had a palliative operation to alleviate symptoms of bleeding and obstruction, and 24 patients were excluded because they were not surgical candidates. This last group had a poor prognosis, with a median survival of 12.7 mo ( Figure 1 ). Median age of the primary site resection group was 61 years (range 50-79 years) compared to 61 years (range 31-83 years) in the palliative surgery group. Primary tumor sites in both groups are shown in Table 1 . There were no significant differences in the distribution of age, sex, primary site location, comorbidity, and metastatic disease, except for the T factor. Patients in the palliative surgery group were found to have more invasive and higher T factor lesions compared with the primary site resection group.
Chemotherapy
All patients were initially treated with FOLFOX4. The median duration of FOLFOX was 10 courses in primary site resection group and 11 courses in the palliative surgery group. The corresponding rates of response were 23% and 22%, respectively (P = 0.48). A total of 26 patients changed treatment to FOLFIRI (Irinotecan, Folinic acid, and 5-FU), 12 primary site resection patients and 14 palliative surgery patients. Bevacizumab and cetuximab were available from 2008. Four patients in each group were candidates for this new agent, and received the treatment without serious complications.
Survival time
Median survival time for the primary site resection group was 30.6 ± 7.8 mo, whereas in the palliative surgery group was 20.8 ± 10.2 mo. These median survival times were significantly different (P = 0.0094, log-rank test). The twoyear actuarial survival in the primary site resection group was 67.2%, compared to 31.9% in the palliative surgery group (Figure 2A ). We re-examined the mortality of the two groups to exclude the influence of localized invasion. After excluding all T4 patients, we found longer survival and higher rate of two-year survival in the primary site resection group. The median survival time was 30.6 ± 10.3 mo vs 17.3 ± 8.5 mo (P = 0.0149, log-rank test). Figure 2B shown the overall survival curves by treatment of primary resection or palliative surgery with FOLFOX (Modified group of T2-3 patients).
Surgery
The operations performed are listed in Table 2 . Of these, eight (21%) were emergent surgery in the primary site resection group and 10 (27%) in the palliative surgery group. In the primary site resection group, 16 of 38 patients experienced one or more postoperative complications vs 12 of 36 patients in the palliative surgery group. This relatively higher complication rate resulted in longer hospitalization (22.7 ± 12.9 d vs 18.1 ± 7.9 d) in the primary site resection group (Table 3 ). The two most common complications were wound infection and prolonged ileus, followed by urinary tract infection, pneumonia, catheter infection, gastric hemorrhage, and liver failure. In the primary site resection group, two patients (5.3%) developed anastomotic leaks and required reoperation for drainage and diversion. Among the patients who had undergone palliative surgery, two complications (5.5%) related to the primary tumor (one perforation and one bleeding) were observed. Both were managed conservatively.
DISCUSSION
The treatment of patients who present with mCRC is controversial. Although resection has often been advocat- ed to eliminate the source of symptoms such as bleeding, perforation and obstruction, management of asymptomatic patients has not been well defined. The purpose of our study was to define optimal primary tumor management in this subset of patients with metastatic disease. Our study demonstrated that the resection of the primary site significantly extends the median survival time in incurable CRC patients. Previous authors have addressed similar issues focusing in appropriate selection of surgical candidates, potential benefits of resection, and rates of operative morbidity and mortality. Some authors recommended resection to potentially improve survival [1] [2] [3] [4] . Ruo et al [2] found a median survival of 16 mo in those undergoing resection and 9 mo in those never resected. Liu et al [3] also presented a retrospective series of 68 cases with longer mean survival of 10.6 mo in the resection group compared with 3.4 mo in patients who had a bypass. These findings are in agreement with our results. Others have reported similar results in terms of mortality between primary site resection and non-operative management, and recommend non-operative management of patients with metastatic CRC with synchronous metastases [5] [6] [7] . Charles et al [5] suggested that appropriately selected patients with incurable stage 4 CRC can be safely managed without primary tumor resection, with a median survival of 16.6 mo for the non-resection group. Johnson et al [7] found that in patients with rectal cancer and nonresectable liver metastases, there was no significant difference in cancer-specific survival after palliative resection or colostomy. Supporters of non-operative management argue that as metastatic tumor burden is the life-limiting factor, protracted postsurgical recovery might delay initiation of therapy targeting the disseminated disease, resulting in decreased survival. However, these studies have not addressed the effects of adjuvant chemotherapy including FOLFOX and FOLFIRI. In the study of George et al [2] of 233 patients with synchronous stage Ⅳ CRC treated by FOLFOX and FOLFIRI, 93% were managed non-operatively with 18 mo median overall survival. In comparison with our results, they might have obtained better outcomes using primary tumor resection, despite the patients' symptoms.
We believe that the role of primary resection in mCRC in the new era of chemotherapy and in the setting of incurable metastatic disease should be re-examined. We thought that new chemotherapies, including FOLFOX and FOLFIRI, would improve patients' prognosis and provide additional treatment options, including surgical resection. Indeed, the combination of oxaliplatin or irinotecan with 5-FU and leucovorin has proved to significantly increase response rates, prognosis, and survival compared with previous chemotherapies, such as 5-FU+LV [8] [9] [10] , oxaliplatin alone [11] and IFL [1] . To compare the efficacy of FOLFOX and FOLFIRI, Tournigand et al [12] and Colucci et al [13] performed randomized trials in which patients received either FOLFOX followed by FOLFORI, or vice versa. Both investigators concluded that the regimens had similar efficacy when used as first-line therapy (median progression-free survival of 8 mo). Therefore FOLFOX followed by FOLFORI was chosen as the main chemotherapy in this study.
This study showed a significant difference in overall survival between the group of patients who underwent primary tumor resection without concomitant metastasectomy and the group of patients who underwent palliative surgery. However, patients with severe comorbidities or progressive metastasis who could not undergo an operation were excluded. We thought it was reasonable to separately compare patients who could undergo surgery. The two groups were well matched in terms of population and extent of tumor metastasis, but differed in their T factor. Thus, this observational survival benefit might be the result of patient selection. Therefore we additionally analyzed modified groups in which patients with T4 invasive CRC were excluded. Even in this analysis, the benefit of primary lesion resection was clearly shown. Postoperative complications in this study occurred in 28% of patients, which was similar to other reports [14] . Postoperative complications occurred more often after primary resection than after palliative surgery. This resulted in a significantly (P = 0.05) longer hospital stay in the primary resection group. A laparoscopic approach, when possible, might decrease morbidity [15] ; however, we did not address this in our study. Laparoscopic surgery, as an alternative to open surgery, is safer with no added morbidity. In our study, two of 36 patients who were initially managed with palliative surgery developed perforation or significant gastrointestinal bleeding from their intact primary lesions and were successfully treated with no additional 3564 July 28, 2010|Volume 16|Issue 28| WJG|www.wjgnet.com surgical management. Such patients should be closely observed, because recent studies suggest that up to onethird of patients without resection will require subsequent intervention for symptoms related to an intact primary lesion [4, 6, 16] . Mild events can be managed medically, but life-threatening events require immediate surgical intervention. The issue of these tumor-dependent complications is still important. Until now it has been thought that most patients would succumb to systemic disease before developing a complication, based on high mortality and a poor 5-year survival of patients with stage 4 CRC. However, improved multidrug regimens such as FOLFOX and FOLFIRI would probably raise the incidence of severe complications indirectly by prolonging survival. Surgical treatment of primary disease to control severe complications including bleeding, perforation, and obstruction might also become increasingly important. Furthermore, whether perforation of the primary tumor is the result of tumor progression or a side effect of chemotherapy remains to be evaluated. Bevacizumab, a monoclonal antibody against vascular endothelial growth factor, is recognized to improve survival with chemotherapy but also has serious complications, such as gastrointestinal perforation. Hedrick et al [17] and Sugrue et al [18] found that 1.7% of patients who used bevacizumab experienced GI perforation. Intra-abdominal inflammation due to tumor necrosis was thought to be the common feature of these GI perforations. In addition, both the BRiTE [14] study and the First BEATrial [17] suggested that incidence of GI perforation was higher in patients with intact primary tumors. Therefore, perforation of the primary lesion is a severe problem and requires protective treatment for patients with invasive CRC. To gain a benefit from bevacizumab treatment without concern for perforation and bleeding from the primary tumor, resection of the primary tumor, if possible, is definitely favorable. In our study, eight patients have been treated with bevacizumab without severe toxicities since 2008. However, caution must be exercised in the management of the patients requiring surgery and receiving adjuvant treatment with bevacizumab.
In conclusion, this study supports the view that resection of the primary lesions in patients with non-resectable, metastatic colorectal cancer is advisable, as there is a significant improvement in survival with primary site resection over non-resected palliative surgery. We believe that all suitable patients should undergo this combined approach to avoid primary cancer complications and improve prognosis.
COMMENTS
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Colorectal cancer (CRC) is the most common cancer worldwide. Although chemotherapy has progressed dramatically, the role of surgical treatment in patients with incurable metastasis CRC is controversial. The resection of the primary lesions in these patients is recommended due to a significant improvement in survival.
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Previous studies have mentioned the comparison of primary site resection and palliative surgery. However, they have not addressed the effects of new adjuvant chemotherapy, including FOLFOX and FOLFIRI. In this study, the authors proved the superiority of primary site resection combined with FOLFOX.
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This is the first study to report the combined effect of primary site resection and new chemotherapy. Furthermore, this study suggests that primary site resection might be associated with survival in patients with metastatic CRC.
Applications
This study might represent a future strategy for combined therapies for patients with CRC.
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This is an institutional experience that reviews the outcomes of patients with synchronous presentation of metastatic colorectal cancer who were treated with systemic chemotherapy for which subsequent management included a resection of the primary tumor or palliative surgical procedure to manage the primary tumor.
